The results of the analysis of 0.4-10.0 keV ASCA spectral analysis of a sample of low-luminosity AGN (LLAGN; M51, NGC 3147, NGC 4258), low-ionization nuclear emission line regions (LINERs; NGC 3079, NGC 3310, NGC 3998, NGC 4579, NGC 4594) and starburst galaxies (M82, NGC 253, NGC 3628 and NGC 6946) are presented. In spite of the heterogeneous optical classifications of these galaxies, the X-ray spectra are fit well by a "canonical" model consisting of an optically-thin Raymond-Smith plasma "soft" component with T ∼ 7 × 10 6 K and a "hard" component that can be modeled by either a power-law with a photon index Γ ∼ 1.7 or a thermal bremsstrahlung with T ∼ 6 × 10 . The abundances inferred from the fits to the soft-component are significantly sub-solar. The Fe abundance can be measured independently of the other elemental abundances (dominated by α-process elements) in M51, M82, NGC 253, and NGC 4258. In these galaxies the Fe abundance relative to α-process elements is also (statistically) significantly sub-solar. There is some indication (at a low-statisical signficance) that the abundance 1 Present address: Carnegie Mellon University, Department of Physics, Pittsburgh, PA 15213 2 Also with USRA 1 properties starburst emission from starburst galaxies differs from the starburst emission from low-luminosity AGN. However, these results on abundances are model-dependent. Significant Fe-K line emission is observed in M51, M82, NGC 3147, NGC 4258 and NGC 4579. An analysis of the short-term variability properties was given in (Ptak et al. 1998a) and detailed interpretation of these results will be given in Paper II (Ptak et al. 1998b).
K.
The soft component absorption is typically less than 10 21 cm −2 while the hard component is typically absorbed by an additional column on the order of 10 . The abundances inferred from the fits to the soft-component are significantly sub-solar. The Fe abundance can be measured independently of the other elemental abundances (dominated by α-process elements) in M51, M82, NGC 253, and NGC 4258. In these galaxies the Fe abundance relative to α-process elements is also (statistically) significantly sub-solar. There is some indication (at a low-statisical signficance) that the abundance
Introduction
Observations by the imaging X-ray satellite Einstein showed that "normal" spiral galaxies tend to have X-ray luminosities on the order of 10 38−41 ergs s −1 and spectra consistent with the superposition of (typical) X-ray binary spectra (see Fabbiano 1989 for a review). In some cases, extended X-ray emission and multiple extra-nuclear point-sources were detected (c.f., M82 in Watson, Stanger, & Griffiths 1984 and Fabbiano 1988; NGC 253 in Fabbiano & Trinchieri 1984 and Fabbiano 1988; M51 in Palumbo et al. 1985) . However, the high spectral resolution of ASCA (see Tanaka, Inoue, & Holt 1994 ) is necessary to provide further insight into the nature of the X-ray emission. Early results from the ROSAT All-Sky Survey (Boller et al. 1992) found that some non-AGN spiral galaxies may be as bright as L 0.1−2.2 keV ∼ 10 42 ergs s −1 and suggested that these high X-ray luminosities may be due to very powerful starburst activity. An optical followup to this study showed that RASS galaxies with L 0.1−2.2keV ∼ > 10 42 ergs s −1 tended to be low-luminosity AGN (LLAGN; Moran, Halpern, & Helfand 1994; Moran 1996) and the ASCA spectra of one of these galaxies, NGC 3147, revealed X-ray properties consistent with Seyfert 2 galaxies (see Ptak et al. 1996) .
In this paper we present the results of ASCA spectral analysis of a sample of "lowactivity" galaxies consisting of LLAGN, LINERs, and starbursts. This sample is listed in Table 1 , which also lists the Galactic column densities and the distances to each galaxy, and Table 2 gives a log of the ASCA observations. The sample is based on galaxies with public and proprietary ASCA data available to us as of the summer of 1996 and is not complete in any sense. However, this study will hopefully give some insight into the nature of the X-ray emission beyond that which might be expected from "normal" galaxies. In cases where there is strong evidence for the presence of a low-luminosity AGN, this analysis will demonstrate the extent to which the X-ray properties of these galaxies are simply an extension of the X-ray properties of normal Seyferts to lower luminosities. As discussed in Ptak et al. (1998a) , the variability behavior of these low-activity galaxies differs significantly from the trends of normal AGN. Specifically, much less short-term variability is observed than expected. This suggests a different mode of accretion, and this may also have spectral implications as well (see Paper II for a full discussion).
ROSAT PSPC spectra were also analyzed along with the ASCA data, with emphasis on improving the determination of the absorbing column along the line of sight. While the spectral resolution of the PSPC is relatively poor, the sensitivity of ROSAT to photons in the 0.1-0.3 keV range makes it much more sensitive to columns on the order of 10 19−20 cm −2 than ASCA. A log of the PSPC observations discussed in this paper is given in Table 3 .
Summary of Previous X-ray Observations
Dahlem, Weaver, & Heckman (1998; hereafter DWH) discuss spatial analyisis of the ROSAT PSPC and HRI data and spectral analysis of the ASCA and ROSAT pspc data for a sample of starburst galaxies, including NGC 253, NGC 3079, NGC 3628, and M82 which are discussed here. DWH found evidence for three-component fits to the ASCA and ROSAT PSPC spectra from these galax- References.-a) Fabbiano et al. (1992) , b) de Vaucouleurs (1963) , c) Soifer et al. (1987) , Stark et al (1992) , e) Hartmann & Burton (1995) , f) de Vaucouleurs et al. (1991) , g) Tully (1988), h) Burstein & Heiles (1984) , i) Freedman et al. (1994) , j) Murphy et al. (1996) ies, which are discussed in §6.7.
NGC 253
NGC 253 was observed by pointed observations with both the Einstein HRI (Fabbiano & Trinchieri 1984) and IPC (Fabbiano 1988 ). The HRI observation shows that there were ∼ 8 extra-nuclear X-ray sources, with X-ray luminosities in the range of 1−5×10 38 ergs s −1 . The nucleus is extended over ∼ 12", occupying a similar region as the nuclear radio and IR emission but not elongated along the major axis as these components are. The estimated luminosity of the nucleus was ∼ 3 × 10 39 ergs s −1 . Of course, these luminosity estimates are sensitive to assumptions concerning the source spectra, particularly the assumed amount of absorption. The IPC observation, which is more appropriate for studying diffuse flux, showed that the X-ray radial profile is steeper than the optical (blue) profile along the major axis and agrees better with the radio profile. The X-ray emission along the minor axis, associated with superwind outflow, extends to ∼ 9 kpc, further than the optical or radio flux. The X-ray radial profile along the minor axis was consistent with a density distribution ρ ∼ r −2 as would be expected for a freely-expanding wind. The energy resolution of the IPC was rather poor (∆E/E ∼ 100%) but showed that the spectrum of NGC 253 is consistent with a ∼ 5 keV bremsstrahlung model with absorption on the order of the Galactic column density, ∼ 2 × 10 20 cm −2 . Fabbiano (1988) estimates the halo gas density, mass and radiative lifetime at 1.7×10 −3 f −1/2 cm −3 , 2.2×10 7 f 1/2 M ⊙ , and 2.1 × 10 9 f 1/2 yr, where f is the volume filling factor (see Paper II for a detailed discussion). Ohashi et al. (1990) found that Ginga detected NGC 253 with a 2-10 keV flux of ∼ 7.0×10 −12 ergs cm −2 s −1 (L 2−10 keV ∼ 9.7× 10 39 ergs s −1 ). Bhattacharya et al. (1994) report the detection of NGC 253 by the Compton Gamma-Ray Observatory (CGRO) at a flux level about an order of magnitude above the extrapolated Ginga flux. This detection was interpreted by Goldshmidt & Raphaeli (1995) as inverse-Compton scattered IR flux and microwave cosmic background flux. The BBXRT 0.3-10.0 keV spectrum of NGC 253 was fit well with a double Raymond-Smith plasma model with temperatures of ∼ 0.6 and 6 keV (Petre 1993) . ROSAT PSPC data showed that the 0.1-0.4 keV flux is most prominent in the halo while the 0.5-2.4 keV flux is most prominent in the disk, suggesting that the halo emission is significantly cooler than the disk emission (Pietsch 1995) . Read, Ponman, & Strickland (1997) found 7 sources in addition to the Einstein sources. The PSPC data show that several of the sources are hard (kT > several keV) and are therefore likely to be X-ray binaries rather than supernova remnants. Read, Ponman, & Strickland (1997) also found that ∼ 74% of the flux in the PSPC bandpass appears to be "diffuse", although the high value of χ 2 ν for a thermal fit to the diffuse component suggests that a significant fraction of the diffuse flux may be due to unresolved point sources. Analysis of the ASCA data was presented in Ptak et al. (1997) and is discussed in the remainder of this paper.
NGC 3079
NGC 3079 was detected by the Einstein IPC at the 3.2s level (Fabbiano, Feigelson & Zamorani 1982) , with an estimated flux of 3.7 × 10 −13 ergs cm −2 s−1. Reichert, Mushotzky & Filippenko (1994) found that the ROSAT PSPC data from NGC 3079 is dominated by a nuclear point source but that X-ray emission is detected up to 2.5' from the nucleus. Above 0.5 keV the X-ray emission is slightly elongated along the (optical and radio) major axis. Below 0.5 keV there is a "soft patch" 1-2' northeast of the nucleus. The best-fitting spectral model for the galaxy was a Raymond-Smith plasma plus power-law model with kT ∼ 0.4 keV and a photon index Γ of ∼ 1.6. Read, Ponman, & Strickland (1997) found that ∼ 69% of the flux from NGC 3079 is diffuse in the ROSAT bandpass. The diffuse PSPC flux is fit well by a thermal model (with kT ∼ 0.5 keV and abundances ∼ 0.03× solar).
NGC 3147
NGC 3147 was not detected significantly by Einstein, although emission at the 3σ level was detected by HEAO-I in the vicinity of NGC 3147 (Rephaeli, Gruber, & Persic 1995) . Analysis of the ASCA data was presented in Ptak et al. (1996) . The authors found that the spectrum appeared to be absorbed by a column < 10 21 cm −2 , which indicated that either the nucleus was truely unobscurred, or that the X-ray flux was scattered into the line of sight. In addition, the detection of a large equivalent width Fe line and the optical classification of the source as a Seyfert 2 strongly indicates that the X-ray flux from NGC 3147 is indeed scattered into the line of sight.
NGC 3628
Although NGC 3628 is a starburst galaxy, it has exhibited dramatic X-ray variability. The 0.1-2.0 keV X-ray flux detected by the Einstein IPC ∼ 8 × 10 −13 ergs cm −2 s −1 in 1979 and the X-ray flux in this bandpass detected by the ROSAT PSPC in 1991 was at approximately the same level, but the ASCA flux was at a level of 3×10 −13 ergs cm −2 s −1 in 1993 and a HRI observation in 1994 resulted in an upper limit of ∼ 0.5×10 −13 ergs cm −2 s −1 (Dahlem, Heckman, & Fabbiano 1995) . (Note that the Einstein and ASCA flux estimates in this bandpass require some extrapolation since their sensitivity only extends down to ∼ 0.4 keV.) This variability obviously shows that the nucleus is dominated by a pointsource, most likely a micro-AGN or an Xray binary. The X-ray luminosity of ∼ 1 × 10 40 ergs s −1 , if sub-Eddington, implies that the mass of any accreting object would have to be > 75M ⊙ . Diffuse X-ray emission associated with the halo of NGC 3628 is discussed in Dahlem et al. (1996) and is evidence for a superwind similar to the ones observed in M82 and NGC 253. The ASCA spectrum was observed to be very flat, leading Yaqoob et al. (1995) to suggest that if a large population of galaxies with a similar spectrum is detected, then these galaxies may contribute significantly to the X-ray background.
NGC 3310
NGC 3310 was detected by Einstein with a 0.5-4.5 keV flux of 1.1 × 10 −12 ergs cm
and luminosity of 4.9 × 10 41 ergs s −1 (Fabbiano et al. 1992) . A detailed analysis of the ASCA and ROSAT data of NGC 3310 in Zezas, Georgantopoulos, & Ward (1998) showed that the soft emission is extended over ∼ 3 kpc and that, as with other starbursts such as NGC 253 and M82, the broadband (0.1-10.0 keV) X-ray spectrum consists of at least two components: a kT ∼ 0.8 keV soft component and a hard component fit well with a power-law with a photon index of ∼ 1.4 or a thermal component with kT ∼ 15 keV.
NGC 3998
Awaki et al. (1991) found that the Ginga flux measured for NGC 3998 was about 3 times larger (extrapolated) than the 0.4-3.5 keV Einstein flux (5.0 × 10 −12 ergs cm −2 s −1 ) given in Dressel & Wilson (1985) . A thermal model fit to NGC 3998's 2-20 keV spectrum could be rejected while a power-law moel with a slope of ∼ 2 provided a good fit. Reichert, Mushotzky & Filippenko (1994) found that the best-fit to the ROSAT PSPC spectrum for NGC 3998 was a broken power-law with slopes of 1.3 and 2.1 and a break energy of ∼ 0.8 keV. No extended emission was found in the PSPC data.
NGC 4258
Einstein detected NGC 4258 with a luminosity of 5.9 × 10 39 ergs s −1 (Fabbiano et al. 1992) . A ROSAT PSPC observation showed that the extranuclear X-ray flux in NGC 4258 is dominated by jets (Cecil, WIlson & De Pree 1995) , and that the X-ray emission is due to shock-heating along the jet. Makishima et al. (1994) found that ASCA's 0.4-10.0 keV spectra of NGC 4258 exhibited at least two components: hot gas associated with the jet and a highly-absorbed power-law associated with a Seyfert 2 nucleus. NGC 4258 is one of the few galaxies with a well-determined blackhole mass (Greenhill, et al. 1995) , allowing its Eddington luminosity to be determined. Lasota et al. (1995) modeled the low luminosity of the AGN in NGC 4258 with an advectiondominated accretion flow, however Neufeld & Maloney (1995) modeled the accretion flow in a "normal," optically-thick (albeit warped) accretion disk. (1994) found that the ROSAT PSPC flux is unresolved with an upper limit on the source extent of ∼ 5". The PSPC spectrum is best fit with a Raymond-Smith plus powerlaw model with kT ∼ 0.5 keV and a photon index ∼ 1.9. A detailed analysis of the ASCA data presented in this paper is given in Terashima et al. (1998b) .
NGC 4594
An Einstein IPC observation of NGC 4594 detected an 0.5-4.5 keV X-ray luminosity of ∼ 8.7 × 10 40 ergs s −1 (Green, Anderson, & Ward 1992 ). An analysis of ROSAT PSPC and HRI data by Fabbiano & Juda (1997) found that the nucleus is dominated by a point-like source with a 0.1-2.4 keV luminosity of ∼ 3.5 × 10 40 ergs s −1 , most likely due to a low-luminosity AGN. Given the high blackhole mass estimated by Kormendy & Richstone (1995) of ∼ 5 × 10 8 M ⊙ , this AGN emission appears to be highly sub-Eddington (L Edd ∼ 6 × 10 46 ergs s −1 ). There are 3 non-nuclear point-like sources with a (total) L X ∼ 2.1×10 40 ergs s −1 and unresolved emission with L X ∼ 3 × 10 40 ergs s −1 that may be due hot ISM or unresolved point-sources (such as X-ray binaries).
NGC 6946
The Einstein IPC detected two sources in NGC 6946, with a composite spectrum consistent with a thermal model with kT ∼ 0.8 keV (Fabbiano & Trinchieri 1987) . A ROSAT PSPC observation resolved the X-ray emission from NGC 6946 into 8 sources, 3 of which constitute the IPC nuclear source (Schlegel 1994b) . The brightest source is not the nucleus but rather a bright source ∼ 2' to the north of the nucleus with L X ∼ 3 × 10 39 ergs s −1 that is interpreted as being a bright supernova remnant (Schlegel 1994a). The remaining sources each have a luminosity of ∼ 10 38 ergs s −1 and diffuse flux that traces the spiral-arm structure is detected with a total luminosity of ∼ 10 39 ergs s −1 . The diffuse emission is more consistent with hot ISM than unresolved point sources. The point sources are consistent with individual X-ray binaries or supernovae.
M51
The Einstein HRI observation of M51 detected 3 unresolved sources in addition to nuclear and diffuse emission associated with M51 and M51's companion, NGC 5195 (Palumbo et al. 1985) . Palumbo et al. found that the point-sources had estimated X-ray luminosities on the order of ∼ 10 39 ergs s −1 . M51's nucleus is extended over a ∼ 24" region, with a point-source contribution of less than 20% to the total luminosity of ∼ 8 × 10 39 ergs s −1 . The X-ray radial profile followed the blue light radio profile more closely than the spiral arm structure, indicating that a large fraction of the X-ray flux is due to disk population sources (i.e., X-ray binaries). A correlation between the X-ray profile and the nonthermal radio profile also suggests an association between X-ray emission and the relativistic electron population. A Ginga observation of M51 detected a 2-10 keV flux and luminosity of 6.1 × 10 −12 ergs cm −2 s −1 and 6.7 × 10 40 ergs s −1 (Ohashi & Tsuru 1992) based on a power-law spectrum with a photon index of ∼ 1.4. A ROSAT PSPC observation detected eight individual sources in addition to nuclear and diffuse emission in M51, with luminosities in the range 5−29×10 39 ergs s −1 (Marston et al. 1995) . Of these sources, four appear to be associated with star-forming regions suggesting that the X-ray flux is due to young stellar processes, such as type-II supernovae, massive X-ray binaries, or possible "superbubbles" caused by multiple supernovae. A detailed analysis of the PV-phase ASCA is given in Terashima et al. (1998b) (note that this paper also includes the later AO-1 observation of M51).
M82
M82 is one of the most studied galaxies at all wavelengths. Watson, Stanger & Griffiths (1984) found that the Einstein HRI data consists of up to 8 point-like sources with typical L X ∼ 5 − 9 × 10 38 ergs s −1 , some of which could be identified with nuclear HII regions or SN, comprising ∼ 50% of the nuclear flux. The nuclear region is extended over ∼ 30" and has L X ∼ 7.4 × 10 39 ergs s −1 . Halo emission that is well-correlated with Hα emission is detected out to a radius of ∼ 3 kpc. Fabbiano (1988) found that the Einstein IPC detected the X-ray halo out to a radius of ∼ 9 kpc with gas density, mass and radiative lifetime at 2.1 × 10 −3 f −1/2 cm −3 , 3.4 × 10 7 f 1/2 M ⊙ , and 1.7 × 10 9 f 1/2 yr, where f is the volume filling factor (see Paper II). As with NGC 253, the X-ray surface brightness along the minor axis is consistent with a ρ ∼ r −2 density distribution. Schaaf et al. (1989) found that EXOSAT detected M82 with a 1.4-8.9 keV luminosity of 3.2 × 10 40 ergs s −1 out to a radius of ∼ 6 kpc. The X-ray emission in this bandpass was fit well by a power-law model with photon index ∼ 1.8 or a thermal bremsstrahlung model with kT ∼ 9 keV. Schaaf et al. sug-gest that most of the X-ray emission is nonthermal and is produced by inverse-Compton scattering of IR photons. Tsuru et al. (1990) reported a Ginga 2-10 keV luminosity for M82 of ∼ 4 × 10 40 ergs s −1 and found evidence for diffuse emission extended over ∼ 100 kpc. However, it must be kept in mind that Ginga is a non-imaging telescope so source confusion could be significant.
ROSAT HRI observations showed that two of the X-ray sources in M82 are variable over time scales of years, and one of these, in close proximity to the nucleus, is variable on time scales of weeks ( Collura et al. 1994; Ptak et al. 1997) . A detailed analysis of the ROSAT HRI data by Bregman, Schulman, & Tomisaka (1995) showed that, in addition to the bright point-source mentioned above and two other sources with L X ∼ 10 38 ergs s −1 , the nuclear emission is consistent with an exponential distribution with an e-folding length of ∼ 0.27 kpc. X-ray emission is detected along the minor axis out to a distance of ∼ 6 kpc and has a surface brightness distribution beyond 1.6 kpc of the nucleus consistent with a powerlaw with an exponent of 2-3, again consistent with a freely-expanding wind. However, Strickland et al. (1997) found that the halo emission is more consistent with shock-heated clouds than a free-flowing wind on the basis of ROSAT HRI and PSPC data. Moran & Lehnert (1997) found that the ASCA and ROSAT PSPC data from M82 are consistent with a power-law with slope of 1.7 and two thermal components with temperatures of ∼ 0.3 and 0.6 keV. Moran & Lehnert (1997) claim that the Raymond-Smith models for these thermal components do not adequately fit the data, but Ptak et al. (1997) and Tsuru et al. (1997) found that acceptable Raymond-Smith fits can be found. Moran & Lehnert (1997) argue that the hard X-ray emission is likely to be due to inverse-Compton scattering of IR photons, while Ptak et al. (1997) found that the hard X-ray flux is most likely dominated by accreting sources, either blackhole candidate binaries or an AGN. Since these interpretations cannot be resolved spectrally (in the 2.0-10.0 keV bandpass), high-resolution imaging above 2 keV (as will be provided by AXAF and XMM) and/or detection of unambiguous variability above 2 keV will be required to distinguish among them.
Data Analysis Procedures
A detailed description of the data analysis procedures is given in Ptak (1997). Briefly, ASCA consists of two solid-state imaging spectrometers (SIS; hereafter S0 and S1) with an approximate bandpass of 0.4-10.0 keV and two gas imaging spectrometers (GIS; hereafter S2 and S3) with an approximate bandpass of 0.8-10.0 keV. Times of high background were excluded and hot pixels (in the SIS data) were removed. The sizes of the SIS source regions and the net exposure times are listed in Table 2 . A 4' and 6' source region sizes would be appropriate SIS and GIS (respectively) sizes for a point source, however extended emission is clearly evident in some sources, requiring larger source regions for the SIS spectra (all of the sources are roughly point-like in the case of the GIS and so a 6' region was used). The background was estimated in two ways. First, background counts were extracted from an annulus exterior to the source region; hereafter backgrounds estimated in this way are referred to as "local". Second, background counts were summed from blank sky events lists in the same region as the source counts. The blank sky events lists were obtained from archives at legacy.gsfc.nasa.gov, and cleaning criteria consistent with the orbital parameters of each observation were applied. These backgrounds are referred to as blank sky backgrounds. The local backgrounds are most likely more robust since below ∼ 1 keV the SIS blank sky backgrounds are dominated by Galactic emission which varies as a function of Galactic position. The spectra have been binned to 20 counts per bin to allow the use of the χ 2 statistic. The data from the individual chips of each SIS were combined, however the spectra from each detector was fit separately (with the model parameters tied except for the overall normalization). The agreement in flux from the individual detectors is discussed in §6.3. Fits were attempted at first to just SIS spectra (which has higher spectral resolution than the GIS) and then to the SIS and GIS spectra. The best-fitting ASCA model was then also simultaneously fit to any available PSPC spectra (see §6.3). In all of the fits, all free parameters other than normalizations were considered to be "interesting" in determining 90% confidence intervals (see Cash 1979) . Errors were computed automatically in the course of batch processing of the spectra although errors should be treated with caution for fits with χ 2 ν ∼ > 1.5, where systematics may be important. Note that since these fits have on the order of hundreds of degrees of freedom, fits with χ 2 ν ∼ 1.5 can be rejected at a high level of confidence statistically, although again this does not incorporate any systematic error (the confidence probability with which the fits can be rejected is given in each table in parentheses with the χ 2 values).
Spectral Results

Single-Component Fits
The simplest model that can be fit to the spectra is a power-law (N(E) = e −N H σ(E) E −Γ , where σ(E) is the neutral material cross section and N(E) is gives photons cm −2 s −1 keV −1 ). The results of these fits are shown in Table 4 . For eight of the galaxies the fits were "acceptable" (i.e., with χ 2 ν < 1.5). Ratios of data to best-fitting model for the power-law fits are shown in Figure 1 where it can be seen that significant residuals remain. Significant line-like residuals are evident in the cases of M82 and NGC 253, while in lower signal-to-noise spectra residuals around 1 keV tend to be present. These residuals imply the presence of an optically-thin plasma. Accordingly, the Raymond-Smith plasma model was also fit to the spectra . In general there was no significant improvement in the fits, primarily becuase the temperature as determine by the centroid of the Fe-L complex centered around 1 keV tends to be less than 2 keV while the presence of significant emission above 2 keV implies a harder spectrum. In the cases of M51 and NGC 4258 it is clearly evident that more than one continuum component is required. An important point is the fact that while the spectra of some of the galaxies such as NGC 3147 and NGC 3998 are fit well by an unabsorbed powerlaw model, none of these galaxies has an Xray spectrum consistent with only an absorbed (i.e., N H ∼ > 10 21 cm −2 ) power-law as might be expected from the hypothesis that the X-ray emission of these galaxies is due solely to the presence of an obscured AGN, without any other contribution to the X-ray flux.
Two-Component Fits
In order to simultaneously fit the linelike features and hard continuum, a two- 
a Statistically-weighted mean of Raymond-Smith plus power-law fit parameters, with statisically-weight standard deviation given in parenthesis Figure 3 . In these histograms, the area occupied by each data point is held constant while the width is proportional to the statistical error of the parameter. In this way poorly-constrained parameters do not bias the histograms significantly. Evidently, the soft-component temperature is rather narrowly distributed near kT ∼ 0.7 keV. Table 6 gives the statistically-weighted mean and standard deviation of each fit parameter, also showing the narrow distribution of soft-component temperature. Also note that the mean value of the hard-component slope is ∼ 1.7, similar to the values of ∼ 1.7−2.0 observed in "normal" Seyfert 1 galaxies (c.f., Mushotzky, Done & Pounds 1993) .
In order to check whether the X-ray spectra could be fit just as well by any twocomponent model, double power-law fits were also attempted. However, in every case, the resultant χ 2 was significantly higher, implying that the Raymond-Smith plus power-law model is preferred at better than 99% confidence (for all of the S0-3, local background fits with the exception of NGC 3147, where two components are not required). Additionally, a double Raymond-Smith fit was attempted. Here the improvement in χ 2 over the Raymond-Smith plus power-law fits (with one additional parameter, namely the hardcomponent abundance) was significant only 23 in the cases of M82 and NGC 4258. This is principally due to the fact that in these cases there is significant line emission near the ionized Fe-K line energies of 6.7-6.9 keV (see also §6.4). In other cases no significant line emission is present near 6.7 keV, and the signal-to-noise ratio is not sufficient to distinguish a non-thermal from a thermal continuum model for the hard (i.e., 2-10 keV) component. "Weighted" histograms of the fits parameters are shown in Figure 4 . Table 6 also shows the statistically-weighted mean and standard deviation of the double Raymond-Smith fits. Evidently, the soft component parameters do not depend strongly on choice of hard-component model. This is shown graphically in Figure 5 which shows correlations of the common parameters (i.e., N H , kT and A (from the soft-component in the case of the double Raymond-Smith fits), and the (additional) absorption applied to the hard component. However, note that the soft-component abundances may nevertheless have large systematic errors since there is no reason to assume a priori that the softcomponent is entirely thermal. Any addition contribution to the 0.5-2.0 continuum that is not explicitly taken into account in these fits would act to reduce the observed equivalent widths and hence the abundance. This is one possible explanation for the unusually low abundances observed in these galaxies since starburst activity is likely to enrich the interstellar medium with the heavy metals that dominate X-ray spectra (see below for a more detailed discussion of the abundances). In addition, it is likely that there are multiple temperatures (and/or a temperature gradient) present in any X-ray emitting gas. However, since the signal-to-noise in most of the galaxies in this sample do not warrant fits with more than two components, this possibility can only be examined in detail in a few objects (e.g., M82 in Ptak et al. 1997 , Tsuru et al. (1997 ), and Moran & Lehnert 1997 .
In the cases of NGC 253, NGC 4258, M51 and M82, it is clear from Figure 2 that significant sharp spectral features remain below ∼ 2.5 keV implying that modeling the soft flux with a single plasma with relative abundances (i.e., Fe/O) at the solar ratios is clearly too simple. Since the strongest line emission expected is Fe-L emission around 1 keV, it is likely that the overall abundance determination is dominated by the Fe abundance inferred from the Fe-L complex. Accordingly, for these galaxies additional fits were attempted in which the Fe abundance was allowed to vary independently from the other elements. The results are shown in Table 7 where the Fe abundance relative to the other heavy elements (dominated by the α-burning elements O, Mg, S and Si) tend to be lower than the solar ratio by factors of 2-4. A similar low relative abundance of Fe was observed in more detailed spectral fitting of M82 and NGC 253 (Ptak et al. 1997) where other abundance ratios were allowed vary, and in Tsuru et al. (1997) where threecomponent fits were attempted to M82. In the case of these galaxies, the Fe abundance is depressed relative to the α-process elemental abundances by factors of 5 or more, although as discussed in §6.7, this effect is diminished when a multiple-temperature model is fit to the data.
Allowing the oxygen abundance to be free results in a statistically significant improvement in χ 2 in NGC 4258 and M51, which are "Seyfert 2" galaxies, but not in M82 and NGC 253, which are "starburst" galaxies. While these fits are probably too simplistic to be taken too literally (i.e., the fits can be rejected statistically in all cases), this result nevertheless implies a quantifiable difference in the starburst-like spectra of in Seyfert 2 and pure starburst galaxies. We note that it would be unlikely for calibration errors to affect starbursts and Seyfert 2 galaxies differently, given the similarities in the overall shape of their spectrum. However, in order to determine to what extent these results may be biased by the SIS calibration uncertainties, the NGC 4258 and M51 SIS-only fits were repeated only using data in the 0.6-10.0 keV bandpass. In the case of NGC 4258, the best-fit oxygen abundance dropped from ∼ 0.47 to ∼ 0.24, with the other fit parameters not changing signicantly. The change in χ 2 for allowing the oxygen abundance to vary dropped from 23.0 to 4.3. In the case of M51, the oxygen abundance dropped to 0.02, while the Fe and remaining abundances were 0.025 and 0.094, respectively, similar to the values found for the fits in which the oxygen abundance was tied with the other abundances, and the change in χ 2 remained at ∼ 8.6. Thus, this result is evidently more robust in the case of M51. To check the statistical significance of the overabundance of oxygen in the case of NGC 4258, we simulated source and background SIS spectra using the best-fitting model with the oxygen abundance left free, and repeated the fitting process. We found that the oxygen abundance was found to be three or more times the Fe abundance ∼ 90% of the time, and two or more times the "other" abundances ∼ 68% (1σ) of the time. Incidentally, these simulations also showed that the statistical errors on the fits with the oxygen and iron abundance left free are approximately 1/2 of the values shown in Table 7 , indicating that the confidence limits given in this paper are conservative.
ROSAT PSPC and ASCA Fits
While the ROSAT PSPC has limited spectral resolution, as mentioned above its sensitivity in the 0.1-0.3 keV range and the presence of the large carbon edge results in a higher level of accuracy in determining absorption columns on the order of 10 19−20 cm −2 . Accordingly, simultaneous fits were attempted with ASCA and PSPC spectra. Separate PSPC observations existed in several cases (see Table 2 ) and these were not combined as an attempt to observe any long-term variability. For each galaxy two sets of PSPC spectra were extracted -one with the same region size as the ASCA SIS source region and one with a 1.25' source region. A 1.25' region is appropriate for a point-source observation (in the case of off-axis PSPC observation "ancillary" responses were created to compensate for the loss of flux due to vignetting and blurring of the point-spread function). Hereafter the 1.25' spectra are denoted "nuclear" since they are dominated by nuclear flux, while the "ASCA"-sized source regions should result in roughly the same flux as the ASCA fits (unless the galaxy's X-ray flux is significantly extended beyond several arcminutes or the X-ray flux varied between the ASCA and ROSAT observations). The results are shown in Table 8 (the results of the S0-3 only, "local" background fits from Table 5 are shown for comparison) and Figure 6 . As expected, the addition of the PSPC spectra resulted in significantly smaller errors on the column density while the other fit parameters were not impacted significantly. Note that systematic offsets on the order of ∼ 15% between the ASCA SIS and PSPC are apparent in the residuals shown in Figure 6 . In most cases These offsets are probably dominated by error in the calibration of the PSPC, since the are present present above 0.6 keV (the SIS calibration is most suspect below 0.6 keV, however see §6.7), where the SIS calibration is on the order of 6% (Orr et al. (1998) ; also note that version 4.0 of ftools was used in this analysis, which underestimated spectral corrections to PSPC spectra). The discrepancy is particularly acute in the case of NGC 3998, and it is possible that the column density varied between the ROSAT and ASCA observations in this case. Table 9 gives the ratio of the 0.5-2.0 keV fluxes inferred from the PSPC spectra relative to the ASCA spectra. The variation in the flux inferred from each ASCA detector is shown to give an indication of the accuracy of the ASCA fluxes. There are clear variations present among the ASCA and ROSAT fluxes (particularly in the cases of NGC 3628 and NGC 4579) and among the "nuclear" and "ASCA"-region PSPC fluxes (indicating a 0.5-2.0 keV spatial extent in excess of 1.25').
Since the addition of the PSPC data did not change the best-fit temperature determination, it is highly unlikely that the clustering of temperatures around the mean of 0.7 keV is due simply to a bandpass effect (i.e., the PSPC data is extending the bandpass from 0.4 keV to 0.1 keV). In galaxies where the best-fit temperature does change, either the Raymond-Smith component is not very significant (e.g., NGC 3147) or it appears that the true variation is in the best fit N H , and the temperature is changing due to a correlation between temperature and N H . Note that the change in N H in these cases may not necessarily be real, but rather is indicative of flux below 0.4 keV that is detected by ROSAT. Indeed, in every case where N H changes with the addition of PSPC data, N H decreases. This flux is most likely due to halo gas at ∼ 0.3 keV which is also occasionally dominates the ASCA-only fits (c.f., NGC 3079). Another indication that the clustering around the temperature of 0.7 keV (and secondarily around 0.3 keV) is not a bandpass effect is that in most cases the best-fit temperatures are fairly well constrained, which would not be the case otherwise.
Fe-K Emission
In order to search for Fe-K emission, commonly observed in "normal" Seyfert galaxies, the ASCA spectra were fit in the 3-10 keV range with a simple power-law where the hard-component dominates. Initialy a narrow Gaussian was introduced, fixed at 6.4 keV (appropriate for Fe less ionized the Fe XVI) and at 6.7 keV (appropriate for He-like Fe, the ionization state expected at the temperatures implied by the hard component of the double Raymond-Smith fits). In the cases where the Gaussian significantly reduced χ 2 the centroid and physical width (σ) of the Gaussian was allowed to be a free parameter. The results are shown in Table 10 (which give 90% confidence upper-limits for galaxies with no significant Fe-K emission). Significant Fe-K emission was detected in five galaxies: M51 (see also Terashima et al. 1998a ), M82 (see also Ptak et al. 1997) , NGC 3147 (see also Ptak et al. 1996) , NGC 4579 (see also Terashima et al. 1998b) , and NGC 4258 (see also Makishima et al. 1994) . See Paper II for a discussion of the implications of the presence or lack of Fe-K emission in these galaxies. .62 * Fit used in oxygen edge search; PL = power-law-only model, RS + PL = Raymond-Smith + power-law model (both models include neutral absorption as discussed in §4.1-2).
Ionized Absorbers
Ionized, or "warm," absorbers are frequently observed in Seyfert 1s as evidenced by the presence of O VII and OVIII absorption edges at 0.74 and 0.87 keV (see Reynolds 1997; George et al. 1997) . Two good candidates for searching for a warm absorber in LINERs are NGC 3998 and NGC 4579. Both are broad-line LINERs, making them analogous to Seyfert 1s, and are among the brightest of the galaxies observed in this thesis. While also relatively bright, the soft flux in NGC 253, NGC 4258, M51 and M82 is dominated by thermal flux (note that this flux is often spatially as well as spectrally distinct from the hard flux). Table 11 shows the upperlimits on OVII and OVIII edges for these two galaxies obtained using the simple power-law fits (still including the neutral absorption). Since the presence of a soft component is significant in NGC 4579, the upper-limits were re-determined using the Raymond-Smith + power-law model discussed in §6.2, which resulted in far less restrictive limits on the edges than the simple power-law model fits (as would be expected since the presences of the plasma flux "fills-in" the edges and reduces the contrast with the underlying continuum). Also, in Seyfert 2s where the Xray emission is thought to be dominated by scattered flux, the scattering medium must be highly ionized. Here also absorption due to highly ionized oxygen might be observable. Accordingly, limits on OVII and OVIII were also determined for NGC 3147 (again using the power-law only model since the presence of a soft component in not highly significant).
Fluxes and Luminosities
The observed and intrinsic 0.4-10.0 keV fluxes for the ASCA spectra are given in Table  12 . The S0-3, local background RaymondSmith plus power-law fits and ASCA and ROSAT PSPC (with ASCA SIS source regions) simultaneous fits were used to determine the fluxes. The intrinsic fluxes were determined by setting N H and N H,2 to zero. As stated above, the values of N H determined from the ASCA and PSPC simultaneous fits are more reliable than the values of N H determined from the fits with ASCA data alone, so the unabsorbed fluxes from these fits are likewise more reliable. The contributions to the 0.4-10.0 keV flux from the Raymond-Smith and power-law components individually is also given. The significance of the improvement to χ 2 of the RaymondSmith plus power-law fit over the power-law fit to the spectra from NGC 3147 is not large so the fluxes determined from the power-law fit is shown. Also, the flux from NGC 3310 does not extend beyond 1.25' and the "nuclear" PSPC spectrum has better signal-tonoise than the SIS-region PSPC spectrum, so the nuclear PSPC spectrum fit is also used in this case to determined the fluxes. This example also demonstrates how large the systematic error due to the specific choice of spectral model can be when estimating the unabsorbed flux of each component. The total observed 0.4-10.0 keV luminosity is also given in Table 12 .
Complex Models
Here we investigate the results of fitting more complicated models to the spectra from brightest galaxies in our sample, NGC 253, NGC 4258, M51 and M82. Specifically, it is physically probable that the gas in these galaxies is not isothermal but rather has some temperature structure. Table 13 gives the results of double Raymond-Smith plus powerlaw fits. As discussed in Ptak et al. (1997) and DWM, the abundances inferred from spatiallyaveraged are somewhat model-dependent. Evidently, modeling the soft flux with even a crude temperature structure results in absolute abundances that are no longer significantly subsolar, and in most cases, the underabundance of Fe relative to α-process elements is no longer significant. For a detailed discussion of this issue, see DWM. Table 13 shows the results of restricting the SIS bandpass to 0.6-10.0 keV, and, with the exception of the NGC 253 fits, the results are comparable, indicating that these results, along with the simpler fits discussed previously, are not aversely affected by SIS calibration uncertainties below 0.6 keV. Table 14 gives the results of fitting the ASCA and PSPC spectra from M82 with a plasma model with a power-law temperature dependence (a power-law continuum component is still included as well to fit the hard flux). However, we note that the temperatures inferred from a (relatively) simple Raymond-Smith plus power-law fit does adequately represent the average temperature of the X-ray emitting gas, and it is therefore of interest to discuss the thermodynamics implied by the Raymond-Smith plus power-law fits (see paper II). For example, we used the best-fitting model listed in Table 14 to simulate an SIS observation of M82, and fit the simulation with a single temperature plasma plus power-law model (with the Fe abundance allow to vary). This resulted in a temperature of 0.66 keV, similar to the value listed in Table 7, where a single temperature plasma plus power-law model was fit of the actual SIS observation of M82. This is an important point for faint galaxies where more complex fits are not statistically warranted.
Summary
We have presented the results of a systematic analysis of the ASCA and ROSAT PSPC X-ray spectra from a sample of low-luminosity Note.-The soft-component model is a plasma consisting of a superposition of power-law distribution of temperatures. In practice, the model is computed discretely with the weighting of each temperature T being proportional to (
α . Elemental abundances that were allowed to vary freely of the others are specified.
AGN, LINERs and starbursts galaxies. The presence of at least two components appears to be universal for these types of galaxies. The "soft" component is well-described by a thermal plasma model with T ∼ 10 7 K while the "hard" component is well-described by an absorbed power-law. The hard component may also be due to a thermal bremsstrahlung component with T ∼ 10 8 K, however the soft component is inconsistent with a featureless continuum (i.e., a power-law or zeroabundance plasma model) at a high level of confidence. The relative strength of the hard and soft component varies from galaxy to galaxy, with the intrinsic 0.4-10.0 keV luminosity of the soft component typically being in the range of 10 39−40 ergs s −1 and the hard component typically being in the range of 10 40−41 ergs s −1 . The absolute abundances inferred from the soft-component fits tend to be significantly sub-solar, although the absolute abundances may be uncertain. In the galaxies with X-ray emission bright enough for individual abundances to be observed, the relative abundance of Fe to α-process elements tend to be low (see also Ptak et al. 1997) . There is some indication (at a low-statisical signficance) that the abundance properties starburst emission from starburst galaxies differs from the starburst emission from lowluminosity AGN. Ionized absorption is not observed in these galaxies, in contrast to typical Seyfert 1 galaxies, although absorption edges may be "washed-out" by the soft component. Fe-K emission is detected in several galaxies. See Ptak (1997) and Ptak et al. (1998a,b) for a detailed discussion of these results. It is likely that detailed analysis of these galaxies by telescopes capable of (better) spatially-resolved broadband spectroscopy (i.e., AXAF and XMM) will considerably improve our understanding of the Xray emission from these galaxies.
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